In certain situations, a moving or stationary object can be a barrier for a vehicle. People and vehicles crossing could potentially get hit by a vehicle. Objects around roads as sidewalks, road separator, power poles, and railroad gates are also a potential source of danger when the driver is inattentive in driving the vehicle. A device that can help the driver to brake automatically is known as Automatic Braking System (ABS). ABS is a part of the Advanced Driver Assistance Systems (ADAS), which is a device designed to assist the driver in driving the process. This device was developed to reduce human error that is a major cause of traffic accidents. This paper presents the design of ABS based on fuzzy logic which is simulated in hardware by using a remote control car. The inputs of fuzzy logic are the speed and distance of the object in front of the vehicle, while the output of fuzzy logic is the intensity of braking. The test results on the three variations of speed: slow-speed, medium-speed, and high-speed shows that the design of ABS can work according to design.
I. INTRODUCTION
Every two hours, pedestrians were killed or every seven minutes, the pedestrian was injured due to being struck by a vehicle in the United States [1] . The insufficiency of braking time owned by the driver is the main reason the vehicle hit a pedestrian. The sudden appearance of pedestrians in front of vehicles often does not allow the driver to brake.
The percentage of vehicles crashing object is around 14.2% of all types of collisions. The figure has not been merged with rear-end collisions which are caused by the sudden brake or stop of the vehicle in front. About 28% of the entire collision is a rear-end collision and about 25% of the collision is due to the insufficiency of the vehicle to brake [2] . Three main factors causing road crashes are the driver, the vehicle, and the infrastructure. In Indonesia, collisions caused by driver error are 93% [3] . Efforts are being made to reduce the number of traffic accidents involving fixing the vehicles and improve infrastructure technologies as well as to increase the awareness and expertise of drivers.
Automatic Braking System was developed to help drivers cope with braking delay so that the vehicle can avoid the collision. This device is also known as Automatic/Advanced Emergency Braking Systems (AEBS) [4] . ABS is an element of the Advanced Driver Assistance System (ADAS) or Intelligent Driver Assistance System (IDAS). Other elements of ADAS which are Adaptive Cruise Control (ACC) [5] , Overtaking Assistance System (OAS) [6] , and Lane Keeping Assist System (LKAS) [7] .
Honda has used a Collision Mitigation Braking System (CMBS) on products namely Legend Saloon (2006) and CR-V 4x4 (2007 ABS technology development can be seen in Figure 1 . Braking is done by two-stages that is monitoring the situation and step on the brake pedal. Brake Warning System (BWS) assist the driver in recognizing situations needed for braking. At the time of dangerous situations, BWS will give a warning to the driver for braking. Warnings can be done through sound, light, or haptic [8] . In vehicular networks, the BWS is developed into the cooperative BWS [9] . In certain circumstances such as the existence of a pedestrian crossing the road suddenly, ABS will perform automatic braking. At [10] examined the influence of ABS braking time at the driver's behavior. Some ABS is developed by combining the role of the driver and braking assistance system in action. At the far distance with obstacle objects, the system will serve as BWS. If the warning is not considered by the driver and the object are near, and then the ABS will perform braking gradually from soft to hard brake. Some research in the development of ABS, among others, performed by [11, 12, 13] . In [11] and [12] were examined the use of cameras for ABS, whereas [13] developed ABS for smart vehicles.
In the cooperative system, the ABS on different vehicles works together through communication systems such as Vehicular Ad hoc NETwork (VANET). Some VANET research conducted were [14, 15] . Cooperative ABS (CABS) allows the braking a vehicle because some vehicles are far in front of him stopped. Vehicle braking information obtained through inter-vehicle communication such as VANET. CABS enables the braking process can be done early and prevent pileup. Other than that this technology can be developed into Advanced
Adaptive
Cruise Control (AACC). In Cooperative ACC situation monitoring and brake pedal action are carried out cooperatively with the aim to improve safety and comfort. Information about when and how the intensity of braking is done by observing the data situation around the vehicle received by the sensor and communication system between vehicles.
II. RESEARCH METHOD
Braking is the most important action in the process of driving. Two factors related to the safety braking are when and how the intensity of braking should be done. One of the factors that related to the driving comfort is the magnitude of deceleration when braking process. Braking suddenly would lead to inconvenience the driver as well as passengers. In this study, the driving comfort has not considered due to the difficulties in the remote control car brakes.
A. How ABS work
Illustration of the workings of the ABS can be seen in Figure 2 . ABS will prevent the following vehicle (FV) from a collision with leading vehicle (LV) if LV braking or sudden stop. Collision avoidance process is done by the brakes at braking distance (bd) so that FV car stopped just behind the LV without crashing (stopping distance, sd). Before the ABS gave orders automatic braking, the driver of FV will know that LV decelerates abruptly at a distance of warning distance (wd). If the warning is not taken by the driver with braking, the vehicle is automatically braked at a distance of bd.
Braking at such distances would cause the vehicle to stop at a distance that is still safe (od). Parameters of the system can be seen in Table 1 . The stopping distance (sd) value depends on the vehicle speed and the braking intensity. At highspeed and close distance there is needed of hard braking. In contrast, the low-speed and far distance only needed a soft braking. The main issue on ABS is how to regulate the intensity of the brake (br) so the car will not hit any object in various speed (v) and (bd).
This issue can be resolved by using the on-off method as has been done by [16] . The use of onoff method has drawbacks when applied to the real car is braking intensity are less smooth, thereby reducing driving comfort. This paper contains improvement using the on-off method on ABS by using the fuzzy logic method. The use of fuzzy logic is expected to improve the comfort of the real car. Some research has been done in the development of fuzzy logic based ABS among others on [17, 18, 19] .
B. ABS based on Fuzzy Logic
Input membership functions at the ABS can be seen in Figure 3 and Figure 4 . The membership function of the input consists of the speed and distance of the object in front of the vehicle. Both the membership function is divided into three fuzzy sets are low-speed (LS), medium-speed (MS), and high-speed (HS) for speed and close-distance (CD), medium-distance (MD), and far-distance (FD) for the distance. Figure 5 shows the output membership function while Figure 6 shows a relationship between input and output on the basis of rules that are shown in Table 2 . Membership function output is the braking intensity which is divided into five fuzzy set that is very-soft-brake (VSB), soft-brake (SB), normal-brake (NB), hard-brake (HB), and very-hard-brake (VHB). 
C. Hardware Simulation
The block diagram of the ABS hardware simulation is shown in Figure 7 . ABS hardware simulation is built using a remote control (RC) car as shown in Figure 8 and Figure 9 [20] . Hardware simulation used two ultrasonic sensors are which mounted on the front of the car. The sensor is used to measure the distance from LV to FV. Information about object distance is provided by ultrasonic sensor 1 and 2. The potentiometer is used to adjust the speed of the remote control car. Two Arduino Uno microcontrollers are used in this experiment. One microcontroller is used to run the fuzzy logic based ABS algorithm and perform various other functions such as sensor readings and processing the signal to the actuator. The other microcontroller is used for data logging during the testing process. Measurement results of testing process stored on the SD card.
The Arduino Uno R3 is a microcontroller board based on ATmega328 and library functions for fuzzy logic-based control can be added on the sources code. The library functions are using Min-Max Mamdani method with the center of the area for the defuzzification process as inference method. The important data that obtained during testing procces using hardware simulator is stored in a Secure Digital (SD) memory card via Arduino shield.
III. RESULTS AND ANALYSIS
Fuzzy-logic based ABS algorithm is tested in three situations, namely low-speed, mediumspeed, and high-speed. The distance from an obstacle is assumed to be fixed at 250 cm and there were observation to the the intensity of the braking so that vehicles do not hit the object, see Figure 10 .
A. Testing at Different Speeds
At each test, the data of speed and distance stored in the SD card. Testing also generates the data of stopping distance, braking distance, and obstacle distance for three different speeds. The relationship between the value of the PWM and the speed of the RC car can be seen in Table 3 .
1) Low-Speed Testing
The results of testing at low-speeds can be seen in Figure 11 . The ABS starts working when the distance of the RC car and the obstacle is smaller than 120 cm. Braking is done in accordance with the fuzzy logic control of verysoft-brake, soft-brake, and normal-brake. Car stops when the distance of 32 cm. 
2) Medium-Speed Testing
Testing with medium-speed braking is done in accordance with the fuzzy logic control of softbrake, normal-brake, and hard-brake. The car stops when the distance of the RC car and obstacle is 14 cm. The test results in this situation can be seen in Figure 12 .
3) High-Speed Testing
The results of testing at high speeds can be seen in Figure 13 . The braking is done in accordance with the fuzzy logic control of normal-brake, hard-brake, and very-hard-brake. The speed of the RC car to zero when the distance of RC car and the obstacle is 5 cm.
B. System Analysis
The test results for three levels speed can be seen in Table 4 . Based on the data obtained on Table 2 it can be seen that when the remote control car speed is greater, then the stopping distance is also greater, and the distance to the obstacle becomes smaller. The braking action begins when the distance is equal or smaller than 120 cm in accordance with membership function of distance.
The action of braking is done in accordance with the capabilities of the sensor in reading the distance. At low-speed, braking action is done more often than at high-speed. At high-speed, the sensor is often too late in the process of reading distance.
IV. CONCLUSION
The results show that the hardware simulated of ABS can work well. The fuzzy-logic based ABS algorithm can set when and how the intensity of braking is needed so that the car does not crash into an obstacle. At high-speed (1.42 m/s), the sensors are too late to measure the distances thereby affecting to ABS work. 
